Serum leptin has no effect on coronary collateral development in patients with non-ST-elevation acute coronary syndromes: an observational study Serum leptin düzeyinin ST yükselmesi olmayan akut koroner sendromlu hastalarda koroner kollateral gelişimi üzerine etkisi yoktur: Gözlemsel bir çalışma We did not find statistically significant difference between good and poor collateral groups with regard to leptin levels [4.2 (1.8-8.6) ng/mL and 6.4 (2.4-12.6) ng/mL, p=0.22, respectively]. There was no statistically significant difference in leptin levels between collateral (+) group and collateral (-) groups [4.7 (1.7-10.5) ng/mL and 6.8 (2.7-12.1) ng/mL, p=0.33, respectively]. We observed that there was lower leptin level at higher Rentrop grades [Rentrop 0; 6.8 (2.5-12.5) ng/mL, Rentrop 1; 5.9 (1.7-14.1) ng/mL, Rentrop 2; 4.3 (1.7-8.7) ng/mL, Rentrop 3; 3.9 (2.1-9.7) ng/mL]. However, this difference did not reach statistically significant level (p=0.54). In addition, we did not find statistically significant correlation between Rentrop grades and leptin levels (p=0.246, r=-0.107).
Introduction
Coronary artery disease (CAD) is the most common cause of morbidity and mortality in developed societies. Classically, improving atherosclerosis leads to narrowing or total occlusion of coronary arteries, resulting in a broad clinic spectrum of chronic ischemic heart disease such as angina, myocardial infarction, or heart failure. As an adaptation to myocardial ischemia caused by coronary arterial narrowing and/or occlusion, coronary collateral vessels appear in some patients to protect myocardium. This is a protective and desirable mechanism because the subjects with well-developed coronary collaterals have been found to have preserved left ventricular function, improved survival rate and better cardiovascular outcomes compared to those with poorly developed ones (1, 2) . However, there are considerable differences in the extent of the development of these natural bypasses among patients even with similar patterns of coronary artery disease (3) . Unfortunately, there is limited data on the factors inducing the development of coronary collateral vessels although their functional importance in ischemic heart diseases is well known.
Though leptin primarily responsible for body weight regulation, this hormone has also a extremely widespread range of actions via its receptors on peripheral tissues such as endothelial cells, monocytes//macrophages and platelets (4, 5) . The association between leptin and atherosclerosis, coronary artery disease, myocardial infarction, coronary vasodilatation and endothelial functions has been evaluated in numerous studies. Most studies reported that hyperleptinemia is positively correlated with atherosclerotic burden, cardiovascular events and endothelial dysfunction (4) (5) (6) (7) .
The effect of leptin on arteriogenesis and vascular functions has been addressed in some in-vivo and in-vitro researches and knowledge about this issue has steadily progressed during recent years. Leptin has been shown to induce angiogenesis (8) . This hormone was also confirmed to stimulate vascular smooth muscle cell (VSMC) proliferation (9) . Although exact mechanisms that effect sufficient coronary collateral development are still unknown, it is suggested that endothelial nitric oxide (NO) and reactive oxygen species have modulatory role on the development of coronary collateral vessels (10) . It has been demonstrated in in-vitro studies that leptin induces oxidative stress and NO production in human endothelial cells (11) .
However, current knowledge on association of leptin and coronary collateral development is limited.
Based on these aforementioned data, we attempted to investigate the potential association between leptin and coronary collateral vessel development.
Methods

Study design
This study was a cross-sectional observational study.
Study population
Between May 2008 and February 2009, one hundred and nineteen consecutive patients admitted to the cardiology department of Erciyes University School of Medicine with non-ST-elevation acute coronary syndrome (NSTE-ACS) who had high grade coronary stenosis or occlusion in at least one epicardial coronary artery at diagnostic angiography were prospectively enrolled into the present study. The patients with a greater than or equal to 80% obstruction in at least one epicardial coronary artery were included in the study (12) . Patients were excluded if they had previous myocardial infarction, a history of past coronary intervention or coronary artery bypass grafting, chronic obstructive pulmonary disease, neoplastic or inflammatory disease.
The study was approved by local ethics committee, and a written informed consent was obtained from all patients enrolled in the study.
Patients were divided into four groups according to Rentrop collateral development classification: as good collateral group (Rentrop 2,3; 33 patients), poor collateral group (Rentrop 1,2; 86 patients); and further as collateral (+) group (Rentrop 1,2,3; 66 patients) and collateral (-) group (Rentrop 0; 53 patients).
Study protocol
Based on the above-mentioned inclusion and exclusion criteria, 119 subjects with NSTE-ACS were included in the present study.
The patients who had chest pain but no electrocardiographic evidence of ST elevation myocardial infarction (ST-elevation of ≥0.1mV in >1 limb leads or ≥0.2 mV in contiguous chest leads or left bundle branch block on presentation) as well as elevated cardiac enzymes were determined as NSTE-ACS patients. Each subject was questioned about the confirmed risk factors for atherosclerotic heart disease and coronary collateral development including hypertension, hyperlipidemia, diabetes mellitus, smoking status, chronic obstructive pulmonary disease and medications.
All angiographic procedures were performed within 24-48 hours of the onset of the subjects' chest pain.
Study variables
The baseline variables of our study were as following: age, gender, smoking status, waist circumference, hip circumference, waist/hip ratio, body mass index (BMI), levels of fasting blood glucose, plasma total cholesterol, high-density lipoprotein (HDL) 
Leptin
Serum samples for the measurement of leptin level were drawn between 8 00 -10 00 hours and were preserved at -70°C. Serum leptin was determined using a commercially available radioimmunoassay kit (Diagnostic Systems Laboratories, Inc., Webster, TX). The reference values for leptin in our laboratory ranged from 2 to 17 ng/mL.
Coronary angiography and collateral grading
Left and right coronary angiography was performed in multiple projections by the Judkins or Sones technique via right femoral artery by Philips Integris 5000 equipment (Philips Medical Systems, Best, Netherlands). Arteriographies were recorded at a speed of 25 frames/sec. The degree of coronary artery diameter stenosis was evaluated visually by two independent cardiologists who had no knowledge of the patients' clinical information. Collateral circulation was graded according to the Rentrop classification (13). Grading of collateral filling was as follows: 0=no angiographically visible filling of any collateral channels, 1=collateral filling of the distal branches of the target artery without dye reaching the epicardial segment of that vessel, 2=partial filling of the epicardial portion of the recipient artery (dye enters but fails to completely opacify the target epicardial vessel), 3=complete filling of the epicardial segment (contrast enters and completely opacifies the target epicardial vessel).
Statistical analyses SPSS for Windows version 13.0 software (Chicago, IL, USA) was used as the statistical software program. KolmogorovSmirnov test was used to determine whether the parameters fit with the normal distribution. Data within the normal distribution were expressed as mean±standard deviation (Mean±SD). Results of data without normal distribution are shown by median (interquartile range) expression. Mann-Whitney U test was used to compare data that did not fit with the normal distribution between two groups. Unpaired Student t test was used for comparing data within the normal distribution between two groups. ANOVA were used for comparisons between the four Rentrop groups. Kruskal Wallis test is used for data that not match with normal distribution among the four Rentrop groups. Chi-square test was used for comparison of categorical variables. The association between Rentrop grades and leptin values was evaluated by Spearman's correlation coefficient. A p value under 0.05 was accepted as the level of significance.
Results
Leptin levels in good collateral group vs poor collateral group The baseline characteristics of patients with good and poor collateral groups are presented in Table 1 . No statistically significant difference between the groups for age, sex, hypertension, diabetes mellitus, smoking, body mass index, waist and hip circumferences, waist-to-hip ratio, fasting glucose, creatinine level, hemoglobin, white blood cell level, lipid profile and high sensitive C-reactive protein was observed. In addition, we did not find statistically significant difference between good collateral group and poor collateral group with regard to leptin levels [4.2 (1.8-8.6) ng/mL and 6.4 (2.4-12.6) ng/mL, p=0.22, respectively] ( Table 1, Fig.1 ).
Leptin levels in collateral (+) group vs collateral (-) group All demographic, clinical and laboratory variables were similar between groups with and without collaterals as demonstrated in Table 2 . Similarly there was no statistically significant Fig.1 ).
Comparison of the leptin levels between all Rentrop`s grades groups Lastly, we compared all Rentrop groups. There were no significant differences in baseline characteristics between Rentrop 0, 1, 2, 3 (p>0.05). We observed that there was lower leptin level at higher Rentrop grades [Rentrop 0; 6.8 (2.5-12.5) ng/mL, Rentrop 1; 5.9 (1.7-14.1) ng/mL, Rentrop 2; 4.3 (1.7-8.7) ng/mL, Rentrop 3; 3.9 (2.1-9.7) ng/mL]. However, this difference did not reach statistically significant level (p=0.54) (Fig. 2) .
Correlation between Rentrop grades and leptin levels
We did not find statistically significant correlation between Rentrop grades and leptin levels (p=0.246, r=-0.107).
Discussion
In this cross-sectional observational study, which addresses -for the first time-the relationship of serum leptin level with coronary collateral circulation in patients with NSTE-ACS, we did not reach statistically significant association between leptin and coronary collateral development. However, patients with higher Rentrop grades were more likely to have lower leptin levels.
Because coronary collateral flow protect the myocardium against ischemia, the presence and adequacy of coronary collateral vessels is closely associated with better prognosis in patients with coronary artery disease (CAD). Good collateral vessels at the time of acute infarction lead to preserved myocardial function, limited infarct size, reduced ventricular aneurysm formation, improved survival rate and decreased cardiovascular events (1). Because of this clinical importance of collateral circulation, a variety of attempts was made to clarify underlying mechanisms leading to the development of coronary collateral vessel by many clinicians. So, therapeutic modalities can be improved to stimulate the growth of compensatory blood vessels.
Coronary collateral development occurs via two different processes. One of them is angiogenesis which describes the formation of new capillaries. Triggering mechanism in angiogenesis is hypoxia and it is less important than the other mechanism, arteriogenesis. Arteriogenesis is the leading underlying mechanism in collateral development. Arteriogenesis arises by means of the growth and remodeling of functional collateral arteries and it is activated mainly by physical forces. Subsequently, a complex cascade of molecular and cellular events breaks out (14) .
Clinical studies suggested leptin as an independent risk factor for cardiovascular diseases (15, 16) . Carotid intima-media thickness (CIMT) was found positively correlated with leptin concentrations regardless of other well-known cardiovascular risk factors in a study conducted by Ciccone et al. (17) . Since increased CIMT was reported to reflect increased atherosclerotic burden in many studies (18, 19) , the association between leptin and atherosclerosis can be highlighted clearly. In addition, leptin receptors were identified in atherosclerotic coronary arteries although the aortic endothelium was lack of these receptors and hyperleptinemia was confirmed to result in significant coronary endothelial dysfunction (6, 20) . The precise underlying mechanism by which hyperleptinemia promotes atherosclerosis has not been established yet. Increase in the cholesteryl ester amount in human macrophages via leptin induced acyl-coenzyme A: cholesterol acetyltransferase (ACAT-1) expression may be one of the causal links between leptin and atherosclerosis (21) . In addition, the relationship between leptin and atherosclerotic risk factors such as hypercholesterolemia, diabetes mellitus, age, hypertension, genetic susceptibility were noted in numerous studies (4, 5) . In an experimental study, leptin was showed to promote atherosclerotic lesions directly in wildtype mice although it had no effect on leptin receptor deficient mice (22) . Besides promoting atherosclerosis, leptin has been reported to correlate directly and positively with adverse cardiac events such as myocardial infarction and angina pectoris (16) . Prothrombotic role of leptin can contribute to increased cardiovascular adverse events. This prothrombotic role of leptin results from especially its effect on plasminogen activator inhibitor-1 (PAI-1) level in endothelial cells and platelet aggregation. Leptin increases PAI-1 level in endothelial cells and induces platelet aggregation via leptin receptors (23, 24) . All findings mentioned above suggest that an inverse relationship should exist between leptin and coronary collateral development. In addition, it should be noted that an experimental study conducted by Bush et al. (7) showed acute leptin treatment did not provide any significant improvement in arteriogenesis in hypoperfused rat brain although it restored hemodynamic reserve of the cerebral vasculature.
However, some other researches support the thesis that leptin must be positively correlated with coronary collateral development. For instance, Schroeter et al. (25) demonstrated that leptin improve the ability of endothelial progenitor cells (EPCs) to promote vascular regeneration. That the EPC-mediated angiogenesis may contribute to coronary collateral development was reported in another study before (26) . Nitric oxide (NO), which is synthesized from L-arginine by NO synthase (NOS), is a signal mediator and it is primarily responsible for endothelial functions. Decreased NOS activity and decreased production of NO in endothelial cells have been shown to be associated with impaired collateral development (10, 27) . During the coronary collateral development, increased shear stress resulted from severe coronary narrowing is followed by increased NO production and a series of complex processes. In addition, leptin has been demonstrated to increase NO production via upregulation of NO synthase activity (11) . One of the causal relations suggesting leptin may increase coronary collateral development is that leptin induces oxidative stress and enhance the level of reactive oxygen species (ROS) in endothelial cells (28) . ROS activation is required for expression of some growth factors such as vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF), epidermal growth factor (EGF) and for proliferation and migration of endothelial cells and vascular smooth muscle cells. Namely, ROS have critical role in angiogenesis and collateral development (29) (30) (31) .
The reason for why we did not find any relationship between leptin and coronary collateral development is a considerable question that must be cleared by further studies which address the leptin functions comprehensively in human beings. Interindividual variability in coronary collateral development and in response to leptin hormone, leptin resistance and genetic differences may be responsible mechanisms for the complex effect of leptin on coronary collateral development. While leptin induces coronary collateral development via enhancing ROS activation and NO bioavailability in some patients, its suppressor effect can be dominant in other subjects via its promoting effect on atherosclerosis and endothelial dysfunction. In fact, in patients with higher Rentrop grades, there was a trend toward lower leptin levels. The failure to detect any statistically significant association between leptin and coronary collateral development do not prove that leptin do not effect collateral formation because the study population of our study was too small. Larger studies are necessary to confirm our findings.
Study limitations 'Firstly, this is a single center study with a small patient sample size. Secondly, the study population included acute coronary syndrome patients, but stable patients are lack. Thirdly, we evaluated collateral vessel formation only angiographically by Rentrop grading. But, Rentrop grading is a semi-quantitative technique which demonstrates only a fraction of the total collateral vessels since the vessels with the luminal diameter of 100 µm or smaller is not angiographically visible. Lastly, the degree of coronary artery stenosis was evaluated visually without using quantitative coronary angiography (QCA).
Conclusion
The current study reveals no statistically significant association between serum leptin level and coronary collateral development although the patients with low leptin levels prone to good collateral circulation. To assess this association in the more rational way, further studies examining leptin effect on angiogenesis and arteriogenesis in cellular, molecular and genetic basis are warranted.
